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Abstract 
Unitary-transformed theory of iron-based superconductors is presented. This theory is based on the d-p model emphasizing that 
the electronic state of superconductors can be described by the composed fermions constructed with newly defined operators. 
The Hamiltonian is so modified by the unitary transformation using these fermion operators as to apply the mean field 
approximation. The theory is extended to the case of superconducting pnictides in considering some characteristics such as multi 
orbitals, antiferromagnetic metal and so on. It is indicated that the effective interaction between these composite fermions can 
determine the several electronic properties in superconducting pnictides. It is found that the superconductive paring 
wavefunction is s-like state different from the d state of cuprates, but can be changeable depending on the various conditions of 
the electronic or crystal structures. The relations with structural modification and carrier doping are also discussed. 
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1. Introduction 
Since the discovery of superconducting iron pnictides, there has been much intensive study about many 
interesting properties in the normal and in the superconducting state[1]. However, what mechanism plays an 
essential role for determining these properties still remains an unsolved problem. Recently, the author has proposed 
the composite fermions theory of superconducting cuprates [2]. This theory is based on the d-p model emphasizing 
that the electronic state of superconductors can be described by the composed fermions constructed with newly 
defined operators. The Hamiltonian is so modified by the unitary transformation using these fermion operators as to 
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apply the mean field approximation. In this paper the unitary-transformed theory is extended to the case of iron-
based superconductors in considering some characteristics such as multi orbitals, antiferromagnetic metal and so on. 
2. Basic equations 
For the iron-based superconductors, there have been many theoretical studies such as spin or orbital fluctuation 
models and the models with localized spins [3,4]. Here the so-called d-p model will be modified in the formulation 
similar to the case of cuprates. The Hamiltonian is assumed to be an extended d-p model for a single layer of square 
planar 
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where the operator inσd creates electrons of n-th Fe 3d orbital at site i,

jσp creates pnictide (Pn) 4p electrons at site j, 
and in jε is the nearest-neighbor hopping integral. ),( mmnnU mnnm c c cc and ),( mmnnU mnnm czczcc are the Coulomb 
repulsion and Hund coupling at Fe site, respectively, and Vinj is the interaction between neighboring Fe and Pn sites. 
In (1), the vacuum is defined as Fe d0 and Pn p6 states.Considering the Fe 3d-Pn 4p covalency effect, the operator 
combining the four pnictides states around a Fe ion is defined as  
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where j = i + xj, and xj presents the directions of Fe-Pn bonding.Since the relation of ¦¦   inσinσijσjσj pppp ~~ is 
satisfied in the Fe-Pn compounds, Hamiltonian (1) is so changed as 
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Now, following the formulation in the case of cuprates, let us find out the effective Hamiltonian of Eq. (3).It 
was assumed in the case of cuprates that the d-p interaction could prefer the antiferromagnetic coupling in order to 
avoid the Coulomb interaction at the d sites[2]. The similar d-p interaction will be adopted here. According to the 
second order perturbation theory for ,
mnnmn
U ccH p~ -states can combine with the d-states of Fe to form singlet-spin 
states. This also means that the Fe-Pn hybridization leads to an antiferromagnetic interaction between Fe and Pn 
electrons. For simplicity, neglecting Hund coupling and the interaction between different 3d orbitals, the 
effective inmnnm VU  and cc can be writtenas VV ccc  oo ninininnmnmnnm VVVVUUU ~),(  ).0,0(  c VVVV nn VV Thus, in the 
band picture ofiron-based superconductors, the effective Hamiltonian of (3) is transformed into momentum space             
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}{ ¦¦ c c  jninjinjnjninjinjn iis xkkkk,xkk HHTHH yx, refer to the axis for the unit cell, 
and N is number of Fe sites in a single layer. The operators  VV kk pd n , are reconstructed with fermion operators 
defined by unitary transformation 
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where 
nσnσ cb kk  and  satisfy anti-commutation relations.For the condition of ),)(()(2 22 nnnndnpnn s kkkk k DEHHHED    
the Hamiltonian (4) is given by
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Notice that the indexes n of etccbβα
nσnσnn  ,,,

kkkk
are omitted to avoid the complex representation. In (6) 

σσ cb kk or  fermion has the possibility of creating Cooper pairs, but  

σbk will contribute to the Cooper formation 
because the Fermi surface can intersect σbk band. Thus the BCS-like wave function is given by  
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Neglecting the effective Coulomb interaction Un and the Coulomb interaction Vin between the nearest neighbouring 
sites, the ground state energy is 
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where the relation Fdnpnndnpn s HHHHHHH  ))()(2(50 222 k.k  is defined, measuring the energy relative to the 
Fermi level .FH By minimizing E with respect to ukn, vkn, the following gap equation is given by  
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Since these multi gap equations can be separated in the ground state energy (8), the total gap energy will be given by 
¦ ' ' nn kk as discussed later.  
3. Superconductive properties  
Let us discuss some properties peculiar to iron pnictides. Since, in iron-based superconductors, Fe-3d electrons 
are multi orbitals, it is needed to select the dominant orbitals of Fe contributing to superconductivity [5]. The 
orbitals of dxz, dyz that have the strong hopping transition to the nearest Pn sites and intersect the Fermi surface are 
considered here. First let us consider the symmetry of superconductive paring wavefunctions [6]. The gap equation 
(9) is then considered in the case of two only orbitals dxz, dyz . Considering that the square lattice of Fe2+ is 
tetrahedrally coordinated with Pn anions, )( and )( ),(),( kk,kk,kk cc yzxzyzxz θθss are calculated as 
),cos()(   ),cos( )(   ,cos)(   ,cos )( yyyzxxxzyyzxxz kkθkkθksks c cc c  kk,kk,kk where the half of Fe-Fe distance is 
used as the length unit.In the case of dxz (n=1), replacing the sum in (9) by an integral, the solution which is even 
in k is given by .cos1101 xkkkk ED' ' Then, Δ0 is then determined by the relation 
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length of Fermi line in Brillouin zone, E0 is the energy width contributing to the Cooper formation, and NF is the 
density of states at Fermi surface. The gap energy 1k' is then obtained by solving the gap equation regarding Δ0. In 
the case of dyz (n = 2), using the transformations of ,,, 2121 kk DD ooo VVkk yx  ,21 kk EE o the similar gap 
equation is obtained. Since the band of dxz, dyz are almost the same configuration, the value of H1 will be equal to that 
of H2. These conditions mean the equivalency of etccbβαV nσnσnnn  ,,,,  kkkk and indicate that the total gap energy is 
presented as .coscos21 yx kk v'' ' kkk  Notice that the total gap energy is given by ¦ ' ' nn kk because the 
gap equations can be separated in the ground state energy. It is thus concluded that the superconductive paring of 
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Fe-Pn is s-like state different from the d-state of cuprates. Also, it is suggested that dxz, dyz  orbitals contribute to 
superconductivity in a cooperating way. However, if the equivalency of these orbitals is broken, it may lead to the 
different pair symmetry due to the modification such as the change of the crystal structure. Second let us consider 
the structural dependency of the critical temperature Tc. It is well known as an empirical rule that the optimal Tc is 
obtained when the bond angle of Pn-Fe-Pn approaches 5109 c$ of a regular tetrahedron [7,8]. Surprisingly, the 
superconductivity of Fe-Pn is very sensitive to the change from the regular tetragonal structure of Pn anions. This 
suggests that Fe-Pn bonding state is strongly correlated with superconductive properties. Since the crystal structure 
is determined by the state with the maximum atomic bonding energy, the regular tetrahedron indicates that the Fe-Pn 
bonding energy is in the maximum state. On the other hand, according to this theory, the superconductivity is 
determined by the state of the Fe-Pn composite system and the antiferromagnetic interaction forming Cooper pairs is 
proportional to 2
n
H that is the square of Fe-Pn hopping integral. The Fe-Pn bonding energy will be approximately 
proportional to the value of Fe-Pn hopping integral. Thus, the modification of the regular tetrahedron will weaken 
the superconductivity of Fe-Pn. Third let us discuss the doping dependency of the superconductive properties. 
Though some Fe-Pn materials exhibit low-temperature (Tc㹼4K) superconductivity without doping, the high Tc iron-
based superconductors appear by a partial replacement of F㸫 or H㸫 ion at the oxygen site [9,10]. In general these 
iron-based superconductors indicate the phase diagram that the Tc appears when the antiferromagnetism disappear or 
weaken, and disappear with increasing of doping level. This phase diagram can be explained in a similar way to the 
case of cuprates. In non-doping state, Fe ions are the superexchange antiferromagnetic state through the sites of 
pnictides that are non-magnetic materials (closed shell). However, it is recognized that there is the change from the 
closed shell state related to the mechanism of superexchange antiferromagnetism. This means that the doped 
electrons will be supplied in Fe-3d sites and the partial empty sites of pnictide. Therefore, in the similar situation 
with the case of cuprates, the doping will create the antiferromagnetic interaction contributing the superconductive 
state and reversely will weaken the superexchange antiferromagnetic interaction between Fe ions. 
4. Conclusion 
The theory of iron-based superconductors is presented by an extended d-p model reconstructed with unitary- 
transformed fermions. It is indicated that the effective interaction between these new fermions can determine the 
superconductive states, and the Cooper pair formation is created by the interplay between the d-p hybridization and 
the d-p exchange antiferromagnetic interaction.The superconductive paring wavefunctions is s-like state different 
from the d state of cuprates, but can be changeable depending on the various conditions of the electronic or crystal 
structures. It is also found that the theory is consistent with the experimental facts that the optimal Tc is obtained 
when the bond angle of Pn-Fe-Pn approaches that of a regular tetrahedron. Further, the relation between the Tcand 
carrier doping is discussed in the similar situation with cuprates. Theviewpointthat superconductivity in the 
material such as cuprates and pnictides originates from not only the type of bosons forming Cooper pairs but also 
the combination of composite fermionsmay open a new root to improve the critical temperature of superconductors. 
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